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SUMM.ARY.  Within  the  la.st  24  months  a  number  of  studies  that  tested  the  efficacy  of  immunologic  reagents  in 
the  treatment  of  sepsis  were  concluded.  Among  the,s<>  reports  were  '!  studies'"^  ccmpleteii  on  2  unti-endotoxiu 
monoclonal  antibodies  iMAb,  HA-IA  and  K-5).  These  clinical  trials  did  not  generate  data  sufficient  to  support 
product  licensure.  Given  the  attention  and  expectations  surrounding  the  anti-endotoxin  MAbs,  the  disap¬ 
pointing  results  raised  the  question  whether  the  use  of  anti-endotoxin  antibodies  in  the  treatment  of  sepsis  was 
still  a  viable  concept.^  The  question  was  rendered  even  more  relevant  given  the  decade-old  controversy  sur¬ 
rounding  the  efficacy  of  polyclonal  antibodies  to  endotoxin,  particularly  antibody  to  the  J5  (Rc  chemotype) 
mutant  of  Escherichia  coii  0111:B4,  a  conceptual  progenitor  of  the  HA-IA  and  E-5  MAbs.*  In  this  review  we 
shall  examine  whether  anti-endotoxin  antibodies  may  yet  offier  any  therapeutic  potential  in  the  treatment  of 
sepsis.  It  will  be  our  contention  that  antibodies  to  core  glycolipid  will  be  u.seful  adjuncts  to  therapy,  particu¬ 
larly  if  used  as  part  of  combination  immunotherapy. 


HISTORICAL  OVERVIEW 

Endotoxin,  or  pyrogen,  had  been  described  since  the 
nud-I9th  century,  and  was  the  subject  of  intensive  in¬ 
vestigation  since  tlie  1920s.  Many  of  the  observations 
of  tile  clinical  rc.sponses  to  endotoxin,  including  those 
after  infusions  in  man,^  were  an  outgrowth  of  .studies  on 
typhoid  in'iiunization.  Extra-intestinal  infections  with 
less  virulent  enteric  bacilli  were  relatively  uncommon. 
Although  bacteremia  with  Gram-negahve  bacilli  in  man 
had  been  well  described  since  the  1920s,®  the  clinical 
syndrome  of  Gram-negative  bacterial  sepsis  was  not  de¬ 
scribed  until  the  early  1950.s.^’'*^  Nevertheless,  extra-in- 
testinally  invasive  infection  with  opportunistic 
Gram-negative  bacilli  was  not  recognized  as  a  signifi¬ 
cant  clinical  problem  for  nearly  a  decade  later.  At  that 
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time,  landmark  reviews  by  Finland  and  Rogers  do¬ 
cumented  the  ascendancy  of  these  infections,  particular¬ 
ly  among  hospitalized  patients. 

The  interval  between  initial  clinical  descriptions  of 
Gram-negative  bacillary  sepsis  and  the  recognition  of 
the  increased  significance  of  Gram-negative  bacillary 
infections,  however,  was  marked  by  considerable  inves- 
bgation  of  the  pathogenic  properties  of  these  opportun¬ 
istic  bacteria,  especially  E.  coii.  The  post-World  War  II 
outbreaks  of  E.  coii  diarrhea  led  to  studies  that  ad¬ 
dressed  the  virulence  determinants  of  this  organ- 
ism.*®’’'’  The  discovery  of  pmiierdin  by  Pillemer 
energized  a  number  of  investigators  to  re-examine  the 
role  of  scrum  in  bacteriolysis.  The  re.sult  of  these  ef¬ 
forts  was  to  identify  the  lipopolysaccharide  phenotype 
and  the  capsular  polysaccharide  as  important  to  the  vi- 
mlence  of  Gram-negative  bacilli  in  experimental  sys¬ 
tems.  The  clinical  relevance  of  these  experimental 
findings  was  established  when  it  was  observed  that 
Gram-negative  bacteria  cultured  from  the  blood  of  pa¬ 
tients  were  overwhelmingly  scnim-rcsistant.’ ^  A  mile- 
.stonc  was  achieved  with  the  elucidation  of  the  structural 
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icauircs  ot  Gruin-ncgativc  bacterial  lipopolysaccharidc 
iliroiijtli  botli  biochemical  and  bacterial  genetic 
studies.**"  The  e.ssential  I'catiia-s  of  lipopoly.sac- 
charule  (LPS,  oreiuloto.xiii).  namely  the  common,  toxic 
lipid  .4  moiety,  an  inner  core  sugar  region  and  an  anti- 
geincally  distinct  O  polysacchande  repeat  unit  were 
idenlilieil,  u  ith  little  subsequent  change  to  this  day. 

.Aldiuugh  m.iny  antimicrobial  agents  had  activity 
.ig.iinsi  Gram-negative  bacilli,  die  pace  of  discovery  of 
.imibadenal  agents  with  activity  against  these  patho- 
geiix  increased  with  the  development  of  new  aminogly¬ 
coside  iniimicrobials  and  extended  s(icctnim 
penicillins.  Nevertheless,  despite  these  new  antibiotic.s. 
tlierc  w.is  still  ,111  unacceptable  mortality  fromGram-nc- 
g.iiivi'  h.icien.d  sepsis.  Widi  the  impmved  care  and 
longer  siin  iv.il  of  immunocompromised  patients,  the  in¬ 
cidence  i)t  this  sMKirome  incieascd.  Consequently,  im- 
miino!her,ipeuiic  and  immniioprophylactic  measures  to 
iieiiirali/e  the  toxic  pro|x.'rties  of  endotoxin  were 
soiighi.  Initially,  Ix’cause  of  the  apparent  heterogeneity 
•>1  species  ,ind  multiple  serotypes  ot  pathogenic  Grani- 
Mcgative  bacilli,  such  an  approach  was  considered  not 
feasible,  since  .intibodies  ilirected  against  die  outemio.st 
O  iwlysaceharide  provided  homologous,  but  not  hetero- 
lagg;;::  pr  acetion  in  aiiunai  mouels;  however,  as  ine 
sinicture  ol  endotoxin  was  elucidated,  it  was  apparent 
dial  among  i.merobactenaceae  and  Pseudomonas  there 
was  a  liiglily  conserved  core  glycolipid  region.  Con.se- 
i|uenily,  many  mvesligalors  considered  the  generation 
of  ,111  .iniibody  response  to  me  common  core  glycolipid 
region  ot  l.PS  to  t'e  a  reasonable  expenmental  ap¬ 
proach. 

I)i;vi;i,()p.mi;m  OF  hoi.yci.onai.  anti- 

( OIG.  GI.YCOI.IPII)  ANTIPODY 
I'.xperimi'iital  stvidivs 

l.oc.il..ied  /:'  c'o/i  infection  in  animals  was  found  to 
I  .iiise  snsi.nned  eiidoio.xemia  in  the  absence  of  bactere- 
rni.i,  .iiid  induced  .1  |)roiecIive  antibixly  response  to  die 
eiidoioxiii  independent  ol  O  atitibody  fomiation;*'^ 
llierelore,  T.ite  et  ,il  stimulated  such  anti-endotoxin  anti- 
iiody  by  imiiuini/.ition  with  a  boilal  whole  cell  vaccine 
Irom  .1  rough  l.PS  mutant  of  /■..  coil  0113.^**  Similar 
rough  LPS  vaccines  that  unmasked  a  common  core  re¬ 
gion  vvere  [laqiared  Irom  rniitanls  of  E.  coll  Ol  1 1  which 
were  iiii.ible  to  iilili/e  UDP-galactose  for  the  fonnation 
ol  distil  O  [lolysacchandc.  The  antiserum  obtained 
lioni  inimiiiii/ation  with  this  vaccine  was  able  to  pre¬ 
vent  l.PS-medialed  toxicity,  as  manifest  by  (1)  a  lower¬ 
ing  ol  mortality  rale  in  ex|x;rimenlal  animals  following 
LPS  inliision,  and  (2)  significant  reduction  in  both  local 
idemial)  ,ind  generalized  (DIC)  Shwartzman  reactions 
iniliated  by  LPS  (reviewed  in^').  This  antiserum  was 
also  able  to  protect  against  lethal  bacteremia  caused  by 
Klebsiella.  Pseudomonas  and  coll  in  a  neutropenic 
rjf)hil  iiiodcl  ol  sepsis."*"  "  The  absence  of  anli-O  anil- 
body  111  (he  protective  antisera  and  the  inability  of 


antisera  prepared  from  the  parental  Ol  1 1  strain  to  in¬ 
hibit  these  responses  were  taken  as  further  evidence  of 
the  im|X)rtancc  of  the  core  epitojics. 

In  concomitant  studies  Chedid  et  al  found  that  im¬ 
munization  of  animals  with  a  rough  mutant  of  Salmon¬ 
ella  typhimurium  protected  against  lethal  challenge  with 
Klebsiella  pneumoniae.  He  proposed  that  andlxidics  to 
rough  determinants  of  LPS  can  protect  against  infection 
with  Gram-negative  bacilli  having  a  smooth  LPS 
phcnoiyiie.^'* 

In  an  extensive  scries  of  studies,  McCabe  and  col¬ 
leagues  found  that  both  active  and  passive  immuniza¬ 
tion  with  an  Re  mutant  of  Salmonella  minnesota  whose 
cell  wall  contains  only  KDO  and  lipid  A  also  afforded 
heterologous  itrotection  in  experimental  infection,  but 
such  protection  was  not  observed  following  immuniza¬ 
tion  with  lipid  Tliese  studies  by  Chedid. 

Braude.  McCabe  and  colleagues  all  lent  support  to  the 
concept  that  antibodies  to  endotoxin  might  provide 
either  therapeutic  and/or  prophylactic  benefit  to  patients 
at  risk  of  Gram-negative  bacterial  sepsis. 

Clinical  studies 

Based  on  these  studies,  a  study  was  perfomied  in  136 
humans  to  assess  the  efficacy  of  J5  anbseram  in  tlie 
treatment  of  Gram-negative  bacterial  sepsis.^*  Of  83 
patients  who  had  culture-documented  Gram-negative 
infections  and  received  optimal  conventional  therapy 
(102  with  bacteremia  and  16  critically  ill  patients  with 
local  infection  in  whom  antibiotics  had  already  been 
started),  mortality  was  reduced  nearly  50%  (26%  with 
non-imniune  serum  and  14%  with  J5  anti.serum,  P  = 
0.16).  Among  tile  18  iiaticiiLs  whose  hypotension  re¬ 
quired  pressors  for  at  least  6  h.  Ill  (29%)  of  controls 
and  9/1 1  (82%)  recipients  of  J5  antiserum  recovered 
from  shock  (/'  =  0.024).  It  was  not  possible  to  demon¬ 
strate  that  the  efficacy  of  J5  aiitiseniiii  in  this  study  was 
correlated  to  J5  antibody  levels  in  the  patients  A  sub¬ 
sequent  study  evaluated  the  ability  of  J5  antiserum  to 
prevent  Gram-negative  shock  and  death  in  surgical  pa¬ 
tients  at  high  risk  of  Gram-negative  infection.  Prophy¬ 
laxis  with  J5  antiserum  significantly  decreased  tlie 
incidence  of  shock  and  more  significantly,  death  from 
shock  (relative  risk  in  controls  was  2.3  and  4.2  overall, 
and  higher  in  those  with  abdominal  surgery);  however, 
as  in  the  previous  study,  it  had  no  effect  on  the  in¬ 
cidence  of  infection.  Again,  the  ameliorative  effect  of 
J5  anti.serum  was  not  correlated  with  levels  of  J5-s|ie- 
cific  antibody  in  the  patients. 

III  a  later  study,  the  prophylactic  administration  of  a 
single  dose  of  J5  antiscmm  to  patients  with  neutropenia 
did  not  reduce  the  number  of  febrile  days,  the  niuiitier 
of  Gram-negative  bacleremic  episodes  or  death  from 
these  infections.'*'’  Tliis  result  should  not  have  lx;cn  un- 

2H 

anticipated  since  results  of  the  initial  clinical  study 
and  an  ex|x;rimental  study'”  each  indicated  that  J5 
antiserum  had  little  effect  on  the  acquisition  of  infec¬ 
tion. 
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RKC  KM  S 1 1'DIKS  WITH  POl.YCl.ONAL  ANTl- 
COKI  IH.VCOI.IPII)  ANTIBODY 

SiiKc  ilic  J.^  .iiiliscra  used  iii  the  early  elinical  trials 
eoiild  mil  be  inass-prodiieed  iii  ,i  sale,  standardized 
iiLinner,  it  was  unlikely  that  it  would  ever  have  been 
lieensed  lor  jieneral  use.  Conseiiuently,  tliese  human 
sUidies  might  be  regarded  more  as  eliiiieal  studies  de¬ 
signed  to  lesi  a  eoneepi  rather  than  as  phase  111  studies 
III  sup|)ori  ol  a  iioiential  biologic  prcxluct.  With  the  de- 
\elopmem  ot  imnninoglobuliiis  tor  intravenous  admin- 
isiraiioii  (IVlCi).  studies  were  |x;rl'omied  to  evaluate 
various  IVKis,  both  standard  commercial  preparations 
as  well  as  pre[varations  ennclied  in  antibody  to  Gram- 
negative  hacilli,  in  the  prophylaxis  or  ireatment  of 
Grani-negative  sejisis. 

Standard  IVIG 

File  therapeutic  administration  of  standard  IVlG  at  400 
mg/kg  at  eniiv  and  at  2  and  5  days  did  not  result  in  a 
significant  increase  in  survival  in  one  24  jiatient 
study.''  In  a  study  of  55  patients,  Schedel  and  col¬ 
leagues  administered  as  therapy  for  septic  shock  a  poly¬ 
clonal,  n()n-hv|x;rtmmune  immunoglobulin  preparation 
that  contained  IgG,  IgA  and  IgM  i.soty|)es  (Pentaglobin, 
Biotest.  Dreieich.  Gemiany).  llie  statistically  signifi¬ 
cant  decrease  in  septic  mortality  (1/27  vs  9/28,  P  < 
0.01)  w  as  correlated  w  ith  a  decrease  in  circulating  en¬ 
dotoxin  activity  and  maintenance  of  levels  of  IgG  anti¬ 
body  to  hpid  A  following  IVlG  therapy,  altliough  the 
study  was  not  designed  to  show  whether  s|x;cifie  anti- 
eiidotoxin  antibodies  accounted  for  the  reduced  mor¬ 
tality 

IVK;  screened  for  anti-eore  glycolipid  antibody 

An  earlier  study  had  shown  that  plasma  screened  for 
natural  antibody  to  a  panel  of  Gram-negative  bacterial 
antigens  resulted  in  a  7-fold  decrease  in  mortality  when 
administered  as  thera()y  for  septic  shock  in  an  obstetri- 
c.il/gyiiecology  ward."'^  Based  on  a  similar  screening 
of  blood  donor  plasma  against  the  core  LPS  of  .S',  min- 
nesoia  R595,  a  core  LPS  antibody-enriched  IVlG  was 
com|)ared  to  standard  IVlG  at  doses  of  4(X)  mg/kg  for 
Its  ability  to  prevent  serious  Gram-negative  bactercmic 
complications  in  patients  admitted  to  a  surgical  intens¬ 
ive  care  iiiiit.'^  Interestingly,  among  the  329  evaluable 
patients,  those  receiving  the  standard  (non-immunc 
IVIG)  had  fewer  ca.ses  of  Gram-negative  bacterial  pneii- 
niouia  than  those  receiving  either  the  core  hyperim- 
iiiiine  gloiiuiui  Cl'  aB'emen  placebo.  There  was  no 
difference  in  the  incidence  of  systemic  infection,  shock 
or  mortality.  Since  die  core  antibody-enriched  prepara¬ 
tion  should  differ  from  the  standard  IVIG  only  in  the 
amount  of  anti-core  glycolipid  antibody,  it  is  puzzling 
that  palieiils  receiving  the  anti-glyeolipid  antibody  fared 
worse  titan  Uiose  receiving  standard  rv'Iu.  .‘i  pciyval 
ent  IgG  (Nordirnmiin)  has  been  developed  from  plasma 
screened  for  tinlibodies  lo  a  panel  of  LPS  antigens; 


TrvaUiicnl  of  scjisis  vviiii  ajiuhody  lo  cmloloxin  5U 


however,  to  our  knowledge,  it  has  not  been  tested  in  a 
double-blind,  placebo-controlled  prospcclivc  sliidy.^'’ 

Vaccine-induced  anti-core  glycolipid  IVIG 

A  J5  IVIG  was  prepared  from  the  plasma  of  donors  im- 
niiinizcd  with  a  /:.  coli  J5  vaccine  according  to  pre¬ 
viously  successful  protocols;  however,  in  a  therapeutic 
study  01  1(X)  patients,  trealment  with  a  single  intraven 
oils  dose  of  2(X)  mg/kg  J5-IVIG  was  as  ineffective  as 
standard  IVIG  in  reducing  mortality  or  in  reversing 

slUKk.'" 

A  study  of  children  w  ith  sevcR'  infectious  purpura 

found  that  treatment  with  post-J5  immunization  plasma 

(i.e.  not  IVIG)  had  no  effect  on  the  clinical  course  or 
■10 

mortality. 

Anti-endotoxin  monoclonal  antibodie.s 

With  the  advent  of  monoclonal  antibody  (MAb)  tech¬ 
nology  it  was  thought  that  a  series  of  unambiguous  ex¬ 
periments  should  have  been  able  to  confirm  or  refute 
the  validity  of  the  core  glycoliiiid  antibody  hypothesis, 
and  to  eliminate  lingeniig  doubts  about  the  role  of  anti¬ 
body  and  the  precise  molecular  mechanism  of  protec¬ 
tion  of  polyclonal  J5  antisera. Unfortunately, 
many  of  the  same  immunologic,  biochemical  and  physi¬ 
ologic  factors  that  preclude  a  consensus  opinion  on 
polyclonal  J5  antisera  also  have  applied  to  the  anti-en- 
doloxin  MAbs'*^''*^  (see  below). 

While  many  MAbs  lo  core  glycolipid  slructures 
have  been  described  in  the  literatiirc,  two  antibodies.  E5 
(Xoma.  Berkeley,  CA,  USA)'*'’  and  HA-IA  (Ceiitocor, 
Malveni,  PA,  USA)‘'^  have  been  investigated  in  both 
prcclinical  and  clinical  studies  of  sepsis.^'  The  E5 
MAb  is  a  typical  murine  MAb  isolated  from  munne  as¬ 
citic  fluid,  while  the  HA-1  A  MAb  is  a  human  MAb  pro¬ 
duced  in  a  human-mouse  heteromyeloma  fusion  system. 
In  the  latter  instance,  a  patient  who  was  to  undergo  stag¬ 
ing  laparotomy  for  Hodgkin's  disease  was  immunized 
preoperalively  with  an  E.  colt  J5  vaccine.  Isolated 
spicnocytes  were  then  harvested  to  produce  the  hybrido- 
ma  fusion  partners,  resulting  in  a  MAb  which  consisted 
of  primarily  human  components. 

In  vitro  binding  activity 

Both  E5  and  HA- 1 A  bind  to  rough  and  smooth  LPS.  in¬ 
cluding  heterologous  LPS  serotyixis  with  complete  O- 
sjicciric  side  chains. While  both  anbbodies  bind  lo 
the  lipid  A  component  of  the  core  glycolipid  structure 
with  comparable  binding  a\  iditics,  competitive  binding 
experiments  and  anti-idiotypic  MAb  blocking  cx[x;ri- 
mcnls  suggest  that  each  MAb  binds  lo  a  scjiarale  epi¬ 
tope  on  Uie  lipid  A  molecule.  Non-specific,  low  aifii.ily 
binding  to  nucleic  acids  has  also  been  reported.^''  ' 
Using  lluid  phase  radio  immunoassay,  Warren  el  al^^ 
have  .SuO'.vn  u'.c  bntli  M.M) .  bind  ;;lightl>  to  smooth  LPS 
molecules  of  diffea’iil  serotypes  only  when  Ihc  anti¬ 
bodies  are  present  in  high  conceiilrations. 
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riiL'  ahilil>  ol  these  MAbs  to  bind  to  heterologous 
siiHxith  L  I’S  serotyiK's,  however,  does  tiot  ensure  that 
tliey  would  btiid  to  viable  baetena  or  baeterial  eell  wall 
reiniuuits  where  the  lipid  A  target  is  buried  within  the 
outer  membrane  atul  eovea’d  w  ith  O-speeitic  poly,sae- 
ehande.  aeidie  eapsiilar  (K)  |)olysaeeharide  and  other 
outer  membrane  eomponeiits.  In  this  instance,  the  con¬ 
comitant  administration  of  bacteriocidal  antibiotics 

base  unmasked  the  core  stnicture  and  allowed  binding 
..I  Mxi  ■ia,i?,si 
ol  the  MAbs. 

Ill  vitro  liinctional  activity 

Binding  a  specific  epitope  docs  not  necessarily  indicate 
that  iieutrali/atioii  or  iiilerfercnee  with  tlie  toxic  proper¬ 
ties  of  lipid  .A  w  ill  occur.  Neither  MAb  has  convinciiig- 
1>  demonstrated  the  capacity  to  inhibit  the  mcogiiitioii 
ol  l.PS  b\  the  Limiilus  lysate  as.say.^^  Moreover,  attc- 
iiu.ition  Ol  the  prointlaiimiatory  cytokine  response  to 
l.PS  In  the  auti-endotoxin  MAbs  has  not  been  observed 
111  either  in  vitro  or  in  vivo  systems, These  obseivd- 
'lons  cast  doubt  on  the  tlierapeulic  relevance  of  these 
.MAbs  III  tlie  treatment  of  septic  shock. 

Aetiv  ity  in  animal  models 

.MAb  Efi  impnnes  the  hetnodynamics  ;ukI  physiologic 
parameters  lollowing  endotoxin  challenge  in  a  sheep 
model."''  This  MAb  was  also  able  to  provide  modest 
proieciion  trom  lethality,  parttcularly  when  accompa¬ 
nied  bv  antiriiicrobiai  agents,  in  bacteremic  models  in 
mice  and  rats.  '  '  Survival  bcnefiLs  from  the  use  of 
HA-IA  were  reported  in  neutropenic  rabbit  and  mouse 


peritonitis  models.'*^''***  Tlie  HA-IA  MAb  also 
prevented  the  dcmial  Shwartzman  reaction  in  rabbits.'*^ 
In  contrast,  Baumgarbieret  al^  were  unable  to  find  a  re¬ 
duction  in  senini  TNF  levels,  prevention  of  the  dermal 
Shwartzman  reaction  or  protection  against  LPS-induced 
lethality  in  galactosamine -treated  mice  with  the  use  of 
HA-IA.  Further,  large  do.scs  of  HA-IA  (10  mg/kg,  or 
approximately  8-10  times  the  dose  used  in  the  clinical 
trial)  enhanced  letliality  in  a  Gram-negative  bacteremia 
model  in  dogs.^^  If,  however,  the  mechanism  of  HA-IA 
MAb  action  is  its  ability  to  promote  the  binding  and 
clearance  of  endotoxin  via  CRl  receptors  on  human 
blood  cells,^**  then  no  animal  model,  including  sub 
human  primates,  would  be  useful  in  the  preclinical 
evaluation  of  this  MAb.  A  recent  clinical  report  sug¬ 
gests  that  HA-IA  may  facilitate  endotoxin  removal  and 
diminish  systemic  TNF  release  in  endotoxemic  patients 
with  sepsis.^^ 

Clinical  trials 

The  initial  phase  III  clinical  trials  with  both  MAbs  were 
reported  in  1991  aud  have  been  extensively  commented 
upon.^^’^*'^'*'  Both  MAbs  were  studied  in  placcbo-con- 
trolled,  multiccnter  trials  and  enrolled  patients  using 
similar  entry  and  exclusionary  criteria  (Table  1).  While 
neither  MAb  provided  a  survival  benefit  to  the  entire 
study  population  when  analyzed  on  an  intent-to-treat 
analysis,  nevertheless,  both  MAbs  did  show  a  statisti¬ 
cally  significant  survival  benefit  in  certain  subgroups. 
Unfortunately,  the  subgroups  in  which  clinical  efficacy 
was  demonstrated  differed  between  the  two  trials.  This 
disparity  in  outcome  analysis  is  difficult  to  reconcile  as 


Tabic  1.  Compan.son  of  results  with  initial  phase  HI  trials  with  E5  and  tlA-1  A 


F.5  (n  =  468) 

HA-IA(n  = 

543) 

b:5 

(2  mg/kg  X  2) 

l^laccbo 

(5%  dextrose) 

P  value 

flA-lA 
(100  mg  X  1) 

Placebo 

(albumin) 

P  value 

Total 

NR  141)%)' 

NR  (41%) 

NS 

262(39%) 

281  (43%) 

NS 

Age  finciut) 

60  1 

64  3 

<0.05 

580 

62.3 

NS 

AHACI II*  II  (mciinl 

16.9 

17.3' 

NS 

23.6 

25,7 

NS 

%  iTiiiie 

66% 

66% 

NS 

59% 

58% 

NS 

%  in  shock 

55% 

59% 

NS 

51% 

51% 

NS 

%  AKDS 

20% 

23% 

NS 

9% 

13% 

NS 

%  ART 

23% 

22% 

NS 

35% 

46% 

NS 

%  Die 

29% 

25% 

NS 

18% 

21% 

NS 

Hylient.s  with  UMB  (n) 

94 

77 

NS 

105 

95 

NS 

%  mortality  in  GNB 

NR 

NR 

- 

30% 

49% 

0.014 

%  mortality  GNB:  .sh<x;k 

NR 

NR 

- 

33% 

57% 

0.017 

morlalily  GNB:  no  .shock 

NR 

NR 

- 

27% 

40% 

0.28 

%  mortality  in  GNI 

38% 

41% 

NS 

NR 

NR 

%  mortality  GNI:  no  .shock 

30% 

43% 

0.01 

NR 

NR 

- 

%  mortnlity  ONI:  shock 

45% 

40% 

NS 

NR 

NR 

- 

2K  (lay  all  cause  mortality  rate  (HA-IA);  30-day  all-causc  mortality  rale  (!i5). 
*  AI*A('l(li  II  sc'tjcs  available  from  only  1S5  patients  in  the  1:5  trial. 

AKD.S  adult  rcspinitory  distress  syndrome. 

AKI-:  acute  renal  failure. 

Hit':  disseminated  intravascular  coagulation. 

lit. bactctviiiia 
(iNI:  flmm  negative  infection. 

\l<:  not  repotted 
\S:  not  significant 
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bolli  .niii-ciKlotoMii  MAbs  were  cxix;ctcil  to  function  in 
a  similar  maniiL'i  .  HA- 1 A  was  obsersed  to  be  beneficial 
111  patients  witli  Ciram-iiei;ative  bacteremia,  particularly 
those  uho  uere  in  shock  at  study  entry as  in  the  first 
JS  study. rite  E?  MAb,  on  the  other  hand,  appeared 
to  be  elfcctive  tmly  in  those  patients  who  had  Gram-ne- 
e  ili\e  sepsis  in  the  absence  of  shock,  whether  or  not  the 
[latieiits  were  bacteremic."  Further,  resolution  of  sepsis- 
related  mnlti-orpan  dysfunction  idisseminated  intravas- 
eiilir  eoaitiil.ition,  aihilt  respiratory  distress  syndrome, 
.iciite  renal  failure,  ;nid  hepatobiliary  dysfunction)  vvas 
more  eommonly  observed  in  those  liacteremic  patients 
who  received  H.\-1A  (62%  HA-IA  vs  42%  placebo  |/‘ 
=  0.024 1);  or  in  patients  who  had  Gram-negative  sepsis 
and  were  not  in  shock  who  received  E5  (54%  E5  vs 
.'0%  placebo  1/’  =  0.051).  Both  MAbs  were  well  tol¬ 
erated. 

The  results  of  these  two  trials  generated  consider¬ 
able  cotitroversy  and  conunentary  as  to  their  statistical 
validity,  clinical  applicability  and  economic  feasibility. 
In  this  latter  regard,  an  inability  to  rapidly  idenbfy  those 
patients  likely  to  respond  to  anti-endoto.xin  anbbody 
treatment  wotild  necessitate  administering  the  treatment 
to  tip  to  two-thirds  of  the  se[)tic  population  who  met 
study  entry  criterta,  yet  who  would  not  derive  any 
benefit  (|iaiieiils  without  Grani-ncgabve  bacteremia  in 
the  HA-IA  and  patients  without  Gram-negative  sepsis 
in  the  absence  of  shcKk  in  the  E5).  By  some  analyses, 
some  patients  w  ho  met  study  entry  criteria  but  who  did 
not  lit  into  favorable  subgroups  might  have  done  worse 
ih.in  the  placebo  grotip.  Of  the  331  patients  in  the  HA- 
IA  study,  those  vvho  did  not  have  Gram- negative  bac¬ 
teremia  had  a  45%  mortality  if  they  received  HA-IA 
compared  to  a  40%  mortality  in  the  placebo  group.'*’’*' 
Among  the  179  (lalients  in  the  E5  trial  who  had  Gram¬ 
negative  sepsis  and  were  m  shock,  the  mortality  was 
45%  111  the  E5  and  40%  in  the  placebo  grou]).^ 

Because  of  these  concerns,  follow-up  studies  were 
performed  w.ih  both  MAbs.  In  a  tnal  designed  to  focus 
on  those  patients  who  appeared  to  respond  to  E5  treat¬ 
ment  Ill  the  first  study,  830  patients  were  enrolled  over  a 
2-year  period.  Documented  Gram-negative  sepsis  was 
present  in  63%  of  patients  and  major  organ  failure  was 
present  in  30%  of  patients  at  study  entry,'*  This  second 
trial  failed  to  confinn  a  survival  advantage  with  E5  ther¬ 
apy  111  this  targeted  group  of  patients:  the  30-day  all¬ 
cause  mortality  rate  in  patients  with  Gram-negative 
sepsis  and  organ  dysfunction  (n  -  139)  was  41%  (E5) 
and  47%  (placebo)  (/'  =  NS);  however,  resolution  of 
organ  dysfunction  was  significantly  more  likely  to 
occur  with  E5  treatment,  as  was  tnie  in  the  first  study.*^ 
A  third  multicentcr  clinical  trial  with  E5  is  currently 
underway  which  will  fwis  upon  patients  with  Gram- 
negative  sepsis  and  organ  dysfiincbon  and/or  shock. 

A  second  study  with  HA-IA  (CentiKor  HA-IA  Effi¬ 
cacy  111  Sepsis  Study  (CHESS  Trial))  was  designed  to 
(Ificmiine  the  efficacy  of  this  MAb  to  reduce  the  14-day 
all-cause  mortality  in  patients  with  Grar"  negative  bac¬ 
teremia.  This  study  was  terminated  prematurely  on 
safely  coiisideralions  when  the  mortality  rale  in  patients 
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without  Gram-negative  bacteremia  was  41%  witli  HA- 
IA  compared  lo  a  14-day  mortality  of  38%  in  placebo- 
treated  patients.  While  tliis  difference  was  not 
statistically  significant  (/'  =  0.142),  the  adverse  trend  re¬ 
sulted  in  discontinuation  of  the  study  after  2471  patients 
were  enrolled.  There  was  no  statistically  significant  im¬ 
provement  in  HA-IA  treated  patients  with  Gram-nega¬ 
tive  bacteremia.^  Based  on  these  rcsulLs,  HA-IA  was 
withdrawn  from  the  Euroix;an  market.  HA-IA  con¬ 
tinues  to  be  studied  in  pediatric  paUents  with  meningo- 
coccemia.  This  double-blind,  placebo-controlled  trial 
has  enrolled  192  patients  tliroiigh  December  1993  (Dr 
R.V.  McCloskey,  personal  communicabon). 


ADDITIONAL  ANTI-CORE  GLVCOLIPID 
MONOCLONAL  ANTIBODIES 

A  number  of  other  munne  and  human  MAbs  have  been 
developed  which  specifically  bind  lo  various  epitopes  of 
the  core  glycolipid  stmeture  of  bacterial  endotoxin 
ffablc  2).  One.  known  as  T88  (Chiron,  Emeryville, 
CA,  USA)  was  well  tolerated  in  phase  1  testing  in  hu- 
mans  ’  and  is  currently  being  tested  in  a  large 
miilticenter  phase  III  trial.  Interestingly,  this  MAb,  in 
addition  to  its  endotoxin-neutralizing  effects,  may  also 
mediate  the  opsonization  and  killing  of  a  senim-resis- 
lant  Gram-negative  bacilli  by  human  semm.*^  Another 
MAb  developed  by  Sandoz,  SDZ21 9-800,  is  a  chimeric 
human-murine  MAb  which  is  broadly  cross-reacbve 
against  smooth  and  rough  LPS.*^  This  chimeric  MAb 
blocks  endotoxin  activity  in  the  Limulus  assay,  cytokine 
production  by  macrophages  both  in  vitro  and  in  vivo 
and  prevents  endotoxin-induced  lethality  in  D-galacto- 
samine  sensitized  mice.  The  antibody  has  yet  to  be 
tested  in  human  subjects. 

Other  MAbs  are  at  various  stages  of  preclinical  de¬ 
velopment  or  have  been  used  principally  as  reagents  for 
the  study  of  the  pathophysiology  of  endotoxin-induced 
shock.  Some  of  these  MAbs  prevent  lethality  in  galac- 
tosamine-treated  mice  and  inhibit  TNF  production.**'*’ 
in  addition  to  inhibiting  the  LPS  priming  of  human  neu¬ 
trophils  for  superoxide  production.*’  A  murine  IgM 
MAb,  clone  20,  binds  to  the  a-linked  KDO  (2-kcto-3- 
deoxyoctulosonic  acid)  moiety  of  tlie  core  glycolipid 
and  appears  lo  provide  protection  against  endotoxin-in¬ 
duced  lethality  in  mice;*"  however,  tliis  functional  ac¬ 
tivity  has  not  been  verified  with  the  MAb  purified  from 
cither  the  ascites  or  hybridoma  fluid,  a  consideration 
that  applies  to  the  testing  of  all  MAbs.*’  Another  MAb 
tliat  recognized  a  KDO  epitoiic,  GLIl,  protected 
against  heterologous  LPS  lethality  in  sensitized  mice 
even  when  given  after  LPS  challenge.’"  MAbs  have 
been  described  that  not  only  inhibit  LPS-induced  cyto¬ 
kine  secretion  and  lethal  shock,  but  also  B  cell  mitogen- 
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esis. 

It  is  |)ossible  to  re-express  a  low  yield  human  MAb 
into  a  high  yield  mtirinc  hybridoma  system.  A  human 
IgM  MAb  (SDJ5)  which  reacts  to  the  phosphate  group 
and  the  fatty  acid  side  chains  of  lipid  A  has  been  sue- 
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ccsstull)  expressed  in  a  nuinne  system^’  Tlic  cDNA  of 
holli  Ilie  lieasy  and  light  chains  of  this  MAh  was  iso¬ 
lated  .ind  inserted  into  an  expression  vector  which  was 
then  used  to  ir.msfect  a  non-iminnnoglohnlin-producing 
mnnne  hsbnrloiiu  cell  line.  The  a'siilting  cell  line  was 
shown  to  proilncc  a  functional  monoclonal  antibody 
winch  was  exclusively  luinian  ;uul  produced  in  5()-toid 
greater  amonius  than  the  original  human  parental  cell 
line.  '  rins  process  .>honkl  facilittite  the  iirodiiction  of 
large  i.|uanlitics  of  human  MAh  as  clinical  grade  materi¬ 
al 

It  is  possible  that  the  concept  of  anti-com  glycolipid 
M.-\bs  111  the  treatment  of  septic  shock  is  valid,  but  that 
the  concct  choae  of  the  specific  MAh  has  yet  to  be 
ncioe  The  av.nhibility  of  antibodies  which  would  have 
Ingli  bif.dc'g  aJfmity  that  would  be  readilv  synthesized 
atid  [iroducerl  economically  in  large  quantities,  and 
\siiich  woiikl  h,ive  opsonophagocytic  as  well  as  endo- 
toxin-ncntrali/ing  activity  svonld  be  highly  desirable.  It 
is  possible  th.it  the  current  MAbs  could  be  improved  by 
modifying  ihcir  binding  activity,  stability  or  isotype.  In 
the  case  of  mnnne  MAbs,  humanized  antibodies  by 
CDR  graltiiig  might  remove  potential  concerns  over 
their  immiinogenicilv  and  relativeh  short  serum  half- 
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Despite  both  the  directness  and  deceptive  simplicity  of 
'.be  bvpolbesis,  namely  antibody  directed  toward  a  com- 
m(;n,  toxic  moiety  of  endotoxin  has  therapeutic  iiotcn- 
tial.  the  conce[it  of  anti-cndotoxin  antibody  has  been 
mireit  in  cc-ntroNcrsy.  In  the  ab.sence  of  a  clearly  fomin- 
lated  and  demonstrable  mechanism  of  action  it  is  diffi¬ 


cult  to  design  a  clinical  trial  that  would  yield  meaning¬ 
ful  results.  Yet  lacking  such  data,  several  large,  costly 
and  complex  clinical  trials  have  been  conducted,  w  ith 
the  entire  concept  of  anti-core  glycolipid  antibody  re¬ 
lying  on  their  iiUenirctation.^'^  Investigators  have  then 
sought  to  arrive  at  some  arithmetic  conclusion  of  the 
value  of  anti-endotoxin  anhbody  by  tallying  the  success 
of  a  study  whose  endpoint  is  reduction  of  septic  mor¬ 
tality  during  Gram-negative  septic  shock  with  the 
failure  of  another  study  whose  endpoint  is  reduction  in 
acquisition  of  infection. 

The  criticisms  of  both  clinical  and  preclinical 
studies  with  core  glycolipid  antiscnun  have  focu.scd  on 

( 1 )  the  lack  of  reproducibility  of  the  protective  effect, 

(2)  the  paucity  of  convincing  data  to  demonstrate  anti- 
core  antibody  to  be  protective,  either  in  animal  models 
or  in  clinical  studies,  particularly  since  the  protean  biol¬ 
ogic  manifestations  of  LPS  include  the  induction  of 
iiou-antibody  moieties  capable  of  inactivating  LPS,® 
and  (3)  the  inability  of  anti-core  glycolipid  antibodies  to 
bind  to  endotoxin  of  smooth,  bacteremic  strains. 

I,ack  of  reproducibility  of  protective  effect 

It  is  now  clear  that  an  anh-endotoxin  antisera  may  func¬ 
tion  by  at  least  3  different  mechanisms:  direct  neutral¬ 
ization  of  the  biological  activity  of  the  LPS,®’"’’  in  a 
manner  similar  to  polymixin  B;  promotion  of  the  clear¬ 
ance  of  the  LPS  from  the  circulation,^®  or  mediation  of 
the  op.sonophagocytic  killing  of  the  bacteria.®^  While  it 
is  possible  to  assess  the  ability  of  an  anti-endotoxin 
antiserum  or  MAb  to  neutralize  LPS  or  promote  opso- 
nophagocytosis  in  vitro,  it  is  necessary  to  have  an  ani¬ 
mal  model  to  assess  the  clearance-promoting  activity  of 
an  anti-endotoxin  antibody.  Initially,  protection  from 
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Molb  IcIcHut 

iiiiti!  i>^[y 

Sc  Ilia  c 

Isotype 

lipitopc 

If)  vitn)  activity 

In  VIVO  activity 

Reference 

CK.rc  2(1 

-Miinnc 

IgM 

KIK)  fatni  Kc 

Rinding  to  .smewth  I  J*S 

IVotccLs  mice  fn>m 

E.  cf?// challenge 

Appclmclk^* 

l)6|'.  J 

Murine 

I.c-Ci 

J5  core  glycfilipid 

Inhibits  TNI-  pnxluclion 

Inhibits  I’Nl*,  protects 
mice  fnim  E  cnli 

Vachcron^ 

S  -2/26  20 

Murine 

IgM 

Kipid  A 

Inhibits  IPS  priming 
of  neutrophils 

Inhibits  I’Nb'.  pnilccLs 
mice  from  LPS  injection 

Coniclisscn^^ 

[■SH 

I  lurnjin 

IgM 

l  ipid  A 

Binds  to  LPS.  promotes 
opsonization 
bacteriocidal  effect 

Winkclhakc®^ 

MI, A  i 

M  urine 

IkM 

Idpid  A  from  Rc 

Inhibits  IL-l.l'Nl' 

BccII  milogencsis 

I'iDtccLs  mice  from 
lipid  A 

Rainiichiuidra 

-SI)/ 2 10  m) 

C'lnmcnc 
human  mouse 

IgOl 

l"U2a 

Core  glycolipid 

Inhibits  Lirouhis  reaction. 
TNI*.  Ilrrigcncralion 

Blocks  Hibbit  pyrogen. 
I.PS  Ictlialily  in  mice 

Di  PiKlova"' 

.SDLS  1,17  \5 

I  lunuin 

IgM 

I’hosphatc  fatly 

Hcid  of  lipid  A 

Binding  to  smooth  IJ*S 

- 

KHZcmi^^ 

(il.Il 


Munne 


I”G2h  KIX)  fnmi  Rc 


nincN  inRrLPS 


I*n>lcct.s  mice  fnim 
1,1’SchiilIcii^’c 
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ilto  dcniul  Sli\van/m;in  reaction  by  J5  anliscnim  was 
iu)l  eoiTclaled  with  eiiliaiicctl  clearance  of  endotoxin 

Iroin  tlic  ciicidation  (as  was  previoiislv  onserv’cd  with 

'fs 

the  iiKliiction  ()l  endotoxin  tolerance);  however,  tlie 
I'cnclicial  ellcci  of  J?  antisemni  diirinj;  infection  was 
associatctl  witli  an  accelerated  cle;irance  of  bacteria 
from  the  circulation.”  Coiisetincntl) ,  from  the  outset,  it 
u  ,is  not  clear  u  helher  the  mechanism  of  J5  activity  was 
thvouiih  an  antitoxic  or  opsonic  effect. 

Presently,  iheie  are  no  adetiiiale,  widely-accepted 
.iiiimal  mukIcIs  ih.it  relied  the  .septic  process  in  hiimans. 
,-\s  pomteil  out  bs  Ziegler,''  in  many  models  the  dose-rc- 
sponse  curves  between  1(X)%  siimval  and  100%  death 
.ire  i|iiite  steep  (often  occurring  over  a  one  log  range  of 
b.icteri.il  or  LPS  challenge),  thereby  making  it  difficult 
10  show  a  reprortncible  protective  effect  from  one  ex¬ 
periment  to  another. 

There  are  additional  considerations  with  animal 
models  111, it  make  it  difficult  to  compare  study  tesiills. 
Models  that  relv  on  the  iniravenoiis  infusion  of  endo¬ 
toxin  or  verv  high  levels  of  live  bacteria  to  iiiiti.ite  a 
septic  response  .ire  able  to  deiiionsirate  the  acute,  physi¬ 
ologic  (|inmarily  hemodynamic)  elfects  of  endoloxc- 
mn;  however,  since  the  endotoxin  and  bacteria  are 
r.ipidlv  remov.'d  by  the  reticuloendothelial  system,  the 
s\  steiiiic  re.iction  to  LPS  ends  r|incklv.  In  this  and  oUicr 
models  where  the  lime  from  challenge  to  dealli  is  rjutic 
short,  the  Mibacnie  effects  of  systemic  endotoxin,  such 
.Is  the  multiple  organ  failure  typical  of  clinical  sepsis, 
might  not  have  sufficient  lime  to  develop.  In  contrast, 
during  clinical  infection,  LPS  is  initially  found  in  the 
tissues,  with  a  low  level  endoto.xemia  occurriiig  second- 
.i.ily  O'er  lime.''’  Also,  with  iiie  infusion  of  large  ino- 
Lul.i  It  IS  dilficiilt  to  infuse  a  sufficient  excess  of 
antibody  to  delemiine  if  the  re;igent  has  any  therapeutic 
potential,  fhiis,  it  would  be  difficult  to  extrapolate  the 
.ictiviiy  ol  .III  anii-glycolipid  antibody  in  these  animal 
models  to  clinical  trials  in  [lalieiits  where,  given  the 
relatively  low  levels  of  circulating  bacteria  or  endo¬ 
toxin.  administering  such  an  excess  of  antibody  is 
possible.  Additionally,  models  that  need  to  compromise 
the  animal  host  defenses  in  order  to  enhance  su.sccpfi- 
1)1  Illy  to  infection  iiuiy  also  alter  an  element  necessary 
lor  anti-glycolipid  antibixly  activity,  or  may  obscure  a 
mechanism  by  which  the  antibody  might  function  in  the 
absence  of  such  mani[)nlation.  Finally,  models  in  which 
the  vmileiice  ol  the  bacteria  is  artiricially  enhanced  (e.g. 
by  the  addition  ol  the  highly  sialylated  hog  mucin  or  the 
addition  of  hemoglobin  dial  binds  nitric  oxide),  may 
place  a  demand  on  an  antibody  that  it  might  not  con¬ 
front  111  clinical  seiisis.  In  summary,  a  consistent  benefit 
111  both  acute  toxicity  and  subacute  infection  models 
would  provide  the  most  comjK'lling  preclinical  evidence 
of  an  antibody's  lhcra|)cutic  potential  in  septic  patients. 

Antibody 

While  studies  of  active  and  passive  immunization  with 
,1  rough  LPS  miilaiit  vaccine  have  shown  protective  effi¬ 
cacy  111  ex|x;riniciilal  and  clinical  studies,  it  has  been 


difficult  to  define  immunoglobulin  as  the  protective  ele- 
ment.  '  For  example,  post-J5  immunization 
senun,  with  a  3-  to  5-fold  increase  in  anti-J5  antibody, 
showed  a  beneficial  clinical  effect  despite  barely 
measurable  changes  in  aiiti-J5  antibody  levels  in  reci¬ 
pients.^*  Survival  in  these  studies  was  better  correlated 
with  the  receipt  of  post-imiiiunization  semm  than  vvith 
the  actual  level  of  anlibody."*'"*^'^'’  This  may  reflect  a 
technical  difficulty  in  the  antibody  assays,  a  protective 
epito|)e  other  than  the  J5  or  Re  LPS  antigens  used  in  the 
assays  or  that  protection  is  due  to  a  non-immiiiioglo- 
bulin  fraction  in  the  antisemm. 

Both  retrosixjctivc  serological  surveys^^"^^  and  ex¬ 
perimental  studies^ have  attempted  to  correlate 
antibody  to  core  glycolipid  and  survival.  Among  175 
patients  with  Gram-negative  bacteremia,  the  incidence 
of  shock  and  death  were  reduced  by  one-third  among 
patients  with  indirect  hcmagglutinating  (predominantly 
IgM)  antibody  titer  to  Salmonella  Re  LPS  of  >  1:80  at 
the  onset  of  bacteremia.^^  Tliis  was  independent  of  any 
contribution  of  0-s|x.'cific  IgG  antibody  which  was  also 
associated  with  a  reduction  in  complications  of  Gram- 
negative  bacteremia.^*  When  examined  by  an  ELISA, 
the  pre,seiice  of  high  levels  of  circulating  antibody  to  the 
endotoxin  core  of  E.  coli  J5  and  to  O  antigen  were  each 
correlated  with  improved  outcome  in  Pseudomonas 
aeruginosa  .septicemia.^’  While  this  as.say  could  detect 
IgG  isotype,  multivariate  analysis  found  that  the  IgM 
isotype  correlated  better  with  decreased  mortality  than 
did  IgG. 

More  recent  studies  provide  convincing  evidence 
that  the  antibody  to  the  core  glycolipid  in  immune 
antisera  could  provide  protection  against  heterologous 
bacterial  challenge.  Immunization  of  humans  and  rab¬ 
bits  with  whole  cell  Salmonella  minnesoia  R595  vac¬ 
cines  protected  mice  from  lethal  heterologous  bacterial 
and  endotoxin  challenge  upon  passive  transfer.'^®'*® 
Fractionation  of  post-immunization  .S',  minnesoia  R595 
immunization  sera  by  sizing  chromatography  revealed 
that  the  protective  acbvity  in  mice  correlated  solely 
with  the  IgM  fraction.*”  Even  lliough  absorption  of  the 
antisera  with  the  .S',  minnesoia  LPS  removed  most  of  the 
protective  activity,  thereby  suggesting  that  anti-Rc  anti¬ 
body  provided  tlie  protection,  measurement  of  antibody 
levels  in  the  different  aliuuots  of  semm  did  not  correlate 
with  level  of  protection. '  These  studies  would  suggest 
that  commercially  prepared  human  IgG  with  high  titers 
to  core  glycolipid  would  have  little  clinical  utility  and 
would  also  offer  a  partial  explanation  for  why  J5  IVIG 
was  ineffective.^’ 

In  contrast,  fractionation  of  lapine  anti-J5  antisera 
into  IgG,  IgM  and  non-immunoglobulin  components 
demonstrated  that  both  IgG  and  IgM  isotypes  mediated 
protection  against  lethal  Pseudomonas  bacteremia  in  a 
ncutro|xmic  rat  model  of  infection.  Non-inmiunoglo- 
biilin  fractions  also  provided  mild  (irotcction.  Thus,  un- 
fractionated  J5  anli.sera  has  multiple  comironeiiLs  that 
may  affect  survival  and  tliis  complicates  any  simple  in¬ 
terpretation  of  the  protective  effect  of  whole  semm.  Op¬ 
timal  protection  was  obtaineil  from  IgG  that  was  eluted 
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trotii  a  JS  LPS  altiiiity  coliiinn  (devoid  of  lipid  A), 
while  minimal  iirotectioii  was  observed  with  the  al't'inily 
eohimii  pass-lhroiifjir  enriched  in  aiiti-lipid  A.'*'  Thus, 
ihese  siinlies  sluiw  dial  imniiino>;lolnilin  rractioiis  from 
posi-imnuiin/.iiion  sera  c.iii  mediate  proteelioii,  and  this 
proleclion  is  smnilicanlly  diminished  by  removing  im- 
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miiiioglolnilin  to  either  Re'  or  J.”!  LPS.‘ ' 

Administration  of  endotoxin  induces  acute  phase  re- 
.iclants  (e  g.  l.P.S  binding  protein,  ii|K'proteins,  soluble 
CD141,  cytokines  and  perhaps  other  moieties  that  may 
.liter  LPS  aciivity.  Warren  and  colleagues  t'oiind  non- 
.nitibody  moieties  of  human  plasma  capable  of  nentra- 
li/nig  the  I.imnins  reactivity  of  LPS  as  well,  if  not 
better,  tnan  anti-endotoxin  antibody.  The  above 
studies*'''  ’'-  were  perfonned  under  condibons  in  which 
the  contribution  of  these  vanables  is  less  likely  (e.g. 
harvesting  senim  months  after  imnuinizabon).  Similar¬ 
ly,  while  contamination  ot  serum  with  LPS  may  induce 
a  state  ot  tolerance  upon  passive  administration  in  im- 
mnnoprophy  lactic  studies,  the  protective  activity  that 
follows  aihiniustration  of  immunoglobulin  fractions 
with  <  100  [ig/ml  LPS  as  therapy  to  animals  already 
bacteremic  and  with  circulating  endotoxin  levels  in  the 
nanogram  range  is  unlikely  to  function  through  the  in¬ 
duction  of  a  tolerant  state.  Finally,  sonx;  have  postu¬ 
lated  that  protective  activity  is  due  not  to  broadly 
protective  aiiu-glycolipid  antibody  but  rather  to  the  well 
known  polyclonal  antibody  response  following  endo¬ 
toxin  administration;’^'^'*  however,  as  noted  by  others, 
the  2-  to  .Vfold  increase  in  polyclonal  O  antibody  in 
many  studies  appears  too  modest  to  account  for  tlie  pro¬ 
tective  activity.^ ' 

If  sub.set]uent  data  confirm  that  anti-core  glycolipid 
antibody  mediates  protection  from  septic  complications 
of  Gram-negative  bacteremia,  tlien  it  may  be  advant¬ 
ageous  to  develop  vaccines  to  induce  high  affinity  anti¬ 
bodies  against  specific  core  LPS  epitopes  and  to  avoid 
lot-to-lot  vanauons  in  antibody  obtained  from  screened 
plasma.  '  Following  natural  exposure,  the  huntan  anti¬ 
body  respons"  to  core  glycolipid  antigens  is  modest 
compared  to  O  antibody  responses,*^'*®  and  the  affinity 
of  naturally  acquired  anti-glycolipid  antibody  is  also  be¬ 
lieved  to  be  low.  Consequently,  anti-endotoxin  anti¬ 
body  preparations  derived  from  screened  plasma  may 
not  be  as  effective  as  antibody  obtained  following  im¬ 
munization.  If  safe,  effective  anti-core  glycolipid  vac¬ 
cines  are  to  be  developed,  it  is  necessary  to  identify 
both  the  antibody  isoty|x;(s)  and  .s|K‘cific  epito[x:s  that 
provide  o|)limal  protection. 

Kpitope 


Similarly,  serological  surveys  of  bacteremic  patients 
correlated  level  of  anti-J.s’*’  and  anti-Re”  anbbixly  at 
the  onset  of  infection  with  survival.  Thus,  tliere  are 
data  to  support  the  efficacy  of  antibody  to  both  core 
LPS  epitoites.  in  contrast,  there  is  little  clinical  or  ex¬ 
perimental  data  to  si^pori  lijjiid  A  as  a  target  for  cross- 
protective  antibody.-*'”'*’'  In  view  of  the  lack  of 
efficacy  of  anti-lipid  A  polyclonal  antibody  in  tliese 
studies.  It  is  noteworthy  that  considerable  effort  is  ex- 
[wnded  in  generating  anti-endotoxin  MAbs  directed  to¬ 
ward  the  lipid  A  component. 

There  is  evidence  that  the  J5  core  epitope  is  a  dis- 
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tinct  core  structure  not  found  in  ,V.  minnesota  R595. 
Structural  studies  on  the  core  of  Salmonella  have  identi¬ 
fied  an  epitope  on  intact  laboratory  strains  of  bacteria 
with  a  smooth  LPS  phenotype  that  is  accessible  to  anti¬ 
core  antibody  of  the  Ra  through  Rc  (but  not  Rd  and  Re) 
chemotypes.*’  Interestingly,  this  epitope  is  not  ac¬ 
cessible  on  strains  cultured  from  human  blood.  Further, 
elicitation  of  antibody  to  J5  cpitopc(s)  occurs  in  the  ab¬ 
sence  of  antibody  response  to  Re  or  lipid  A  epi- 


Binding  of  anti-endotoxin  antibody  to  smooth  I^PS 

It  is  difficult  to  demonstrate  the  binding  of  anti-endo¬ 
toxin  antibodies  to  smooth  LPS  in  conventional  ELISA 
or  Western  blot  types  of  analy.sis.  This  might  be  due  to 
the  physical  orientation  or  presentation  of  the  LPS,  an 
amphipathic  molecule  with  poor  solubility,  whereby 
critical  epitopes  may  be  selectively  masked  or  exposed 
by  the  micellar  formation  of  LPS.  There  is  also  a  tend¬ 
ency  for  immunoglobulin  to  stick  non-specifically  to 
hydrophobic  structures  such  as  LPS.  Fluid-phase  meth¬ 
ods  designed  to  assess  such  binding  have  been  de¬ 
veloped  that  may  overcome  these  barriers. **'*^'’^  Thus 
as  bacteria  grow  in  broth,  rate  nephclometry  assays  can 
detect  binding  of  anti-endotoxin  antibody  (HA-IA)  to 
dividing  bacteria,  and  this  is  inhibited  by  preincubation 
of  the  MAb  with  lipid  A.’^  Pretreatment  of  smooth 
bacteria  with  inhibitory  concentrations  of  antibiotics  has 
been  shown  to  expose  core  LPS  epitopes  to  antibody 
binding.*'*  Thus,  it  may  be  possible  to  better  evaluate 
the  binding  of  potentially  useful  antibodies,  and  to  do  so 
in  a  relevant  manner,  i.c.  binding  to  bacteria  rather  than 
to  purified  LPS. 

In  addition  to  the  above-mentioned  problems,  there 
arc  two  additional  considerations  each  of  which  might 
affect  the  lack  of  rcpnxlucibility  of  the  data:  tlie  prep¬ 
aration  of  vaccine;  and  the  immunization  regimen. 


While  considerable  data  show  a  highly  conserved  core 
sUuclurc  of  LPS  to  which  an  anti-glycolipid  antibody 
might  he  directed,  it  is  yet  unclear  if  there  is  a  specific 
core  epitope  such  that  antibodies  to  it  are  more  cross- 
protective  than  would  be  antibodies  to  other  core  epi¬ 
topes.  Experimental  studies  desenbed  abos :  achieved 
highly  significant  protection  in  animal  nuxlcls  with 
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antilxxlies  directed  against  both  Re  '  and  J5  LPS. 


Vaccine  preparation 

While  some  investigators  have  focused  on  the  source  of 
the  J5  i.solatc  used  for  preparation  of  the  antiserum.'’* 
relatively  little  attention  has  been  given  to  vaccine  prep¬ 
aration.  For  their  studies,  Braude  and  colleagues  ob¬ 
tained  an  isolate  of  an  Rc  chcmotyix:  mutant  (J5)  of  E. 
coW Oil I:B4  from  Elbein  &  Heath;  however,  they  fur- 
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itiLT  sclcciL-d  a  slablc.  rt)uj;h  imilaiit  that,  unlike  the  ong- 
nial  .1'  siram,  did  not  ineorixiraie  galactose  wlien  atlited 
extigenoiisK  to  t'le  culture.  From  this  behavior  it  was 
iiilerred,  but  uoi  loniially  denioiislrated,  that  the  Braude 
js  iiiutant  had  a  second  niutatioii.'*'*  There  ate  no  'seed 
lots'  ol  this  strain  m  a  a'lxisitorv  ,  such  as  in  the  Amen 
can  Type  Cnlliire  Collection. 

Reg.irdless  ot  the  source  oTJS  isolate,  culture  ot  this 
leaky'  nnitation  results  in  colony  I'omiing  units  that 
\ary  in  degree  ol  roughness.  ('Leakiness'  teTcrs  to  the 
(lossibilny  that  a  genetic  mutation  results  in  a  reduction, 
but  not  complete  inactivation,  of  an  enzymatic  activity, 
or  that  the  phenotypic  expression  of  the  enzymatic  de¬ 
fect  IS  va.  ably  expressed  in  a  population  and  depends 
oil  the  occuiTence  of  a  secondary  mutation.)  Hence 
within  a  'iiiire'  J?  culture,  it  is  necessary  to  select  a  col¬ 
ony  w  ith  a  rough  phenoty|x;  to  insure  a  vaccine  that  eli¬ 
cits  anti-core  giycohpid  antibody.  In  tlie  original 
preparaiion  of  the  0113  vaccine,  .serial  passage  was 
concluded  by  exposure  of  the  culture  to  anti-smooth 
jiarental  antisera  to  insure  only  the  presence  of  rough 
mutants  in  the  vaccine. 

Immunization  regimens 

Initial  studies  with  rough  mutant  immunization  elicited 
protectne  activity  with  regimens  that  generated  IgM 
I  i9S)  and  IgG  (7S)  antibody,  as  well  as  with  hyperim- 
miinization  regimens.'*’'’'*  Despite  the  effectiveness  of 
all  3  regimens.  Mibsc(.|uent  studies  were  conducted  with 
-.erum  collected  at  the  height  of  the  hemagglutiiialitig 
ilg.M)  antibody  response,  with  little  explanation  for  this 
choice.  .S’.ibseiiiieiitly,  there  have  been  few  attempts  to 
optimize  iiiimiinization  regimens,  perhaps  since  some 
cxixinnienial  data,  particularly  those  of  McCabe  et  al 
with  Re  inutani.s  of  Salmonella,  suggested  the  import¬ 
ance  of  the  IgM  isotype.^^  If  one  were  to  desire  an  IgG 
isotype  anti -core  giycohpid  antibody,  perhaps  for  prep¬ 
aration  of  an  enriched  IVIG,  one  might  choose  to  har¬ 
vest  plasnui  at  a  later  time  point,  perhaps  after  one  or 
two  booster  doses. 

Comparison  of  thi  protective  activity  from  scrum 
collected  from  human  voUmteers  immunized  with  dif¬ 
ferent  doses  of  Re  mutant  vaccine  and  at  variable  fre- 
iliieiicies  revealed  that  regardless  of  primary 
immunization  schedule,  protective  activity  progressive¬ 
ly  increased  until  6  weeks  after  immunization,  inde¬ 
pendent  of  measured  antibody  levels.^*’  In  this  study, 
no  increase  in  antibody  titers  could  be  shown  following 
booster  immunizalion,  but  the  protective  activity  fol¬ 
lowing  these  booster  doses  was  not  assessed.  In  earlier 
studies,  animals  that  received  an  intensive  immuniza¬ 
tion  regimen  with  S.  minnesota  Re  LPS  (up  to  1 1  doses 
over  2  months)  developed  highly  protective  levels  of 
antibody.^'  'We  found  that  anti-core  giycohpid  anti¬ 
body  harvested  after  booster  immunization  may  have 
better  activity  than  antibody  harvested  after  a  primary 
scries.'*^  Of  note,  Dale  and  colleagues  reported  that  fol¬ 
lowing  3  eonsecutive  daily  injections  of  J5  vaccine  to  a 
human  volunteer,  there  was  a  lO-fold  increase  in  IgG 


anti-J5  antibody  that  |x;akcd  at  9  montlis.  and  this  IgG 
was  bactericidal  for  a  senuii-rcs.stant  strain  of  goiiococ- 


C;KNKRAt,  ISSUES  IN  THE  DEVELOPMENT  OK 
ANTI-COKE  GEYCOI.IPII)  ANTIBODY 

Clinical  de.sign 

Hie  1982  J5  antisera  clinical  study  ulciitificd  groups  of 
patients  likely  to  benefit  from  adjuvant  anti-endotoxin 
therapy:  those  with  severe  sepsis  and  Gram-negative 
bacteremia,  and  those  with  septic  shock  requiring  vaso¬ 
pressors  for  >  72  h.  These  were  essentially  the  same 
groups  that  were  identilicd  on  retrospective  analysis  to 
have  derived  the  greatest  benefit  from  treatment  with 
HA-IA  MAb,'”  antj-TNF  MAh"®  and  IL-lra.”  Had 
these  groups  been  selected  as  the  primary  target  popula¬ 
tion  rather  than  the  entire  septic  group  in  an  intent-to- 
Ireat  analysis,  it  is  conceivable  that  a  significant 
treatment  cTect  could  hare  been  demonstrated  with 
some  of  these  agents.  In  addition  to  the  choice  of  pri- 
miuy  target  poiuilation,  studies  vrere  often  terminated 
when  there  was  barely  sufficient  numbers  of  patients  to 
provide  adequate  statistical  ixiwer  to  each  study.  This 
created  a  situation  wheic  the  loss  of  a  few  patients  from 
one  treaunent  group  or  another  would  obviate  the  treat¬ 
ment  effect  and  put  tlie  entire  study  result  into  question. 
While  premature  temiination  may  have  been  dictated  by 
the  status  of  com|ietiiig  studies,  in  the  end  it  was 
counterproductive. 

In  retrospect,  it  also  appears  that  ma  iy  antisepsis 
products  were  hastened  into  clinical  trials  before  an 
adequate  scientific  tccDrd,  preferably  published  but 
even  unpublished,  was  stabUshed  for  each  of  the 
MAbs,  perhaps  with  the  hope  that  the  demonstration  of 
clinical  efficacy  could  bypass  the  need  for  strong  pre- 
climcal  scientific  data.  Certainly,  the  availability  of 
supporting  preclinical  data  would  have  helped  in  the 
presentations  to  the  FDA  Advisory  Panel,  which  was 
composed  predominantly  of  members  of  the  academic 
community.  Since  a  large  volume  of  studies  were  pub¬ 
lished  after  the  Pjnel  meetings,^*’'^^'^®'^’'®’’’^  the  lack 
of  scientific  evidence  was  not  due  to  daunting  scientific 
barriers.  Moreover,  the  availability  of  strong  scientific 
data  would  have  helped  physicians  in  their  recommen¬ 
dations  to  their  hospitals  that  these  expensive  agents, 
with  their  significant  impact  on  hospital  costs,  be  placed 
on  (he  formulary.  In  summary,  economic  and  patent  is¬ 
sues  appeared  to  have  taken  precedence  over  scientific 
issues,  ultimately  lo  the  detriment  of  anli-cndotoxin 
antibody  development. 

Regulatory  is.siies 

Several  regulatory  issues  were  raised  during  consider¬ 
ation  of  recent  trials  of  antisepsis  products  which  may 
place  too  severe  a  test  for  the  approval  of  iKilentially 
useful  reagents.  First,  it  is  useful  to  consider  that  Ihc  se- 
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loituMi  ol  vlisi.iuu'.ii.!U)r\  p.iUciU  popiiUiUoiis  tor  deter- 
niimiu;  me  ellie.iev  ol  ;ii!  aiiti-se|isis  druj;  in  a  elimcal 
itial  ma\  ilil  ler  Imni  liie  identiHeatioii  of  the  more  liete- 
ios;eiioiiN  population  of  patients  wlio  may  evenliially 
ilcrne  Ivnefil  Irom  tlie  dmg  once  approved,  ['or  deter- 
minins;  llie  ellK  acv  ol  a  dnij;  in  early  clinical  tnals,  it 
niielit  he  import. int  to  study  only  lliosc  patients  with 
potentMlls  lexcrsitile  physiology  in  whom  the  effect  of 
,1  lieaimenl  c.iii  tie  me.isiired.  The  mchision  of  those 
\Mlh  uTeseisihle  physiologic  changes  not  amenable  to 
moililK  .ilion  In  the  drap  miptit  not  be  approiiriate  for 
the  pinposc  ol  deiemiinini;  wlielher  the  dnig  has  etli- 
s.'cv  .iiKl  mielil  mask  ,i  clinical  effect  from  the  dmg. 
.Sesoiul,  the  use  ol  (2S-day)  .ill-caiise  mortality  .is  the 
pnm.irs  endiionit  to  measure  the  efficacy  ol  a  prixlnct 
nistc.kl  ol  .III  iiiiprosenicnl  in  sepsis-assix'ialed  physio¬ 
logy  .ilso  might  mitig.iie  against  appro'  ;'!  ol  a  poten- 
liallv  iiscliil  d  i!g.  .•\nli-cndotoxin  ageiiLs  cm  only  be 
csivcied  to  dim.nish  the  risk  of  mortality  attnhiitable  to 
endoU  Aiu-indiiced  injury  and  not  be  expected  to  have  a 
eeiieric  c.ioacity  o  alter  physiologic  damage  due  to 
aiidcrlviiig  disca.se.  Reiiiimiig  such  agents  to  reduce  all- 
.aiise  mortality  in  tins  severely  ill  popuiatioii  nuy  be 
overly  stmigent  ,i'id  not  correlate  widi  expectations  in 
cliiiic.il  pr.iciice.  By  analogy  ,  the  (inniary  endpoint  for 
tri  lls  ol  .iiititnotic  therapy  usually  is  cure  of  infection 
r.i'lier  than  mortalitv.  Similarly,  atUihyix;rtetisive  or 
ilMhcies  ilier.ipy  truils  also  use  improvemciil  in  iihysio- 
loip  Miner  III, 111  mortality  eiul)ioints.  Since  the  time  of 
.Icatli  ol  p,iiienl  on  hie  support  is  oticn  iiegotiated' 
t'Ctneen  l,imiK  .iiid  patient,  mortality,  particularly  at  a 
specific  time,  is  not  an  unei|uis(x:,il  endpoint.  Even  the 
use  ol  atlrihiilahlc,  as  opposed  to  , ill-cause,  mortality  as 
an  eiidp.oiiil  m.ty  be  undesirable  since  this  eiid|K)itit 
would  rei|inre  an  even  greater  luimber  of  siihiects  th  in 
those  entered  into  these  recent  trials. 

Third,  the  need  for  each  anti-endotoxin  agent  to  be 
ellicacioiis  when  used  alone  may  also  tK'  an  unrealistic 
reiiuireiuent.  Sepsis  is  a  progressive  pathophysiologic 
[irocess  which  li,i.s  multiple  stages.  Initially,  there  is 
ollcn  a  h,iclercmic  phase  iliiring  which  time  the  iidniiii- 
isir.iiion  ot  specilic  .iniibo<lies  (anli-0  or  capsular)  may 
luisien  ii.icierial  cTe.irance  and  minimize  later  septic 
lomplic.itions.  Alter  this  stage,  endotoxin,  liberated 
either  by  growing  baclcna  or  by  treatment  with  antibio- 
iics,  iiciy  circulate  until  bound  by  an  immune-reactive 
i.irget  cell  (e  g.  macrophage,  endothelial  cell).  Anti-en- 
doloxin  anlibtxl'es  may  work  o()timally  at  this  phase  of 
itie  prtxess  to  either  neut;ali/,e  the  biologic  activity  of 
lipid  A  or  to  promote  its  clearance  before  initiating  an 
intlammalory  cascade.  If  the  biologically  active  endo- 
loxiii  cannot  Ix'  intercepted  Ixrfore  interacting  with  these 
immune  reactive  cells,  several  host  inflammatory  medi¬ 
ator  cascades  might  tx  activatcil  that  result  in  clinical 
se|)sis.  rhera|x:utic  agents  for  se|)si.s,  such  as  anti-TNF 
.MAb  or  IT- 1  ra,  are  designed  to  intervene  at  this,  but  not 
earlier  stages.  In  fact,  there  is  evidence  tha*  anticyto¬ 
kines  may  he  detrimental  if  given  in  the  early  phases  of 
infection.  Once  ciiciilating  endotoxin  has  initiated  a 
cytokine  cascade,  it  is  unlikely  that  trcatmcnls,  such  as 


anti-endotoxin  antiliotlies,  will  a-verse  tliT  cascade. 
Similarly,  unless  iiifeclion,  a  continiiing  source  of  endo¬ 
toxin,  is  treated  with  approjinate  antibiotics,  it  is  also 
unlikely  for  agents  directed  at  the  later  cytokine  cascade 
(anti-TNF  MAb  or  IT- Ira)  would  have  much  impact. 
Thus,  it  may  be  unduly  oiitimistic  to  expect  a  product 
aimed  at  only  one  stej)  in  this  process  to  show  signifi- 
c  lilt  efficacy  lor  all  iiatieiits  who  may  appear  anywhere 
along  this  continuum  of  the  septic  jirocess.  Ideally, 
combinations  of  treatments  directed  at  sequential  steps 
of  the  septic  prtxess  may  be  a  more  rational  strategy,  as 
has  been  demonstrated  exiienmentally.'^*  Antisepsis 
therapy  may  be  analogous  to  combination  cancer  che¬ 
motherapy  regimens  where  '■ingle  agents  are  not  suffi¬ 
ciently  active  alone  to  be  effcc'ive  but  combination 
theraijy  may  be  highly  effective. Finallv,  should  combi- 
naUoii  mimunotherapv  be  optimal  for  the  adjunctive 
therapy  of  sepsis,  then  it  is  incumbent  on  manufacturers 
to  insure  that  tlie  individual  components  of  that  treat¬ 
ment  ate  cost  effective.  Adjuvant  thcraiiy  will  need  to 
either  save  te  al  health  care  resources  by  shortening 
length  of  stay  in  special  care  units,  or  be  highly  effec¬ 
tive  in  savi'ig  lives  (preferably  bolh)  in  order  to  be  ap¬ 
proved  for  use  in  clinical  medicine.  This  vvill  be  ,. 
tormidable  challenge. 

Wh  .c  recent  clinical  trials  with  anti-endotoxin 
MAbs  were  lisappointing,  they  have  ftKused  consider¬ 
able  critical  thought  on  the  coiiceiit  of  anti-endotoxin 
antilxxly  and  generated  new  e.x|x;rimental  approaches. 
This  ex(x:rience  and  a  greatly  expanded  database  could 
significantly  hasten  the  development  of  effective  rea 
gents  with  which  to  treat  or  prevent  sepsis. 
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